We investigate whether changes in economic inequality affect mortality in rich countries. To answer this question we use a new source of data on income inequality: tax data on the share of pretax income going to the richest 10% of the population in Australia, Canada, France, Germany, Ireland, the Netherlands, New Zealand, Spain, Sweden, Switzerland, the UK, and the US between 1903 and 2003. Although this measure is not a good proxy for inequality within the bottom half of the income distribution, it is a good proxy for changes in the top half of the distribution and for the Gini coefficient. In the absence of country and year fixed effects, the income share of the top decile is negatively related to life expectancy and positively related to infant mortality. However, in our preferred fixed-effects specification these relationships are weak, statistically insignificant, and likely to change their sign. Nor do our data suggest that changes in the income share of the richest 10% affect homicide or suicide rates.
Introduction
Do changes in economic inequality lead to changes in mortality rates? More than 100 articles on this question have been published over the past two decades, but no consensus has emerged (Lynch et al., 2004a) . One major reason has been the paucity of reliable historical data on income inequality. As a result, most studies have examined the relationship between inequality and mortality at a single point in time. Because income inequality and mortality are likely to have common causes that cannot all be measured, the cross-sectional relationship between inequality and mortality is unlikely to provide an unbiased estimate of how changes in income inequality affect mortality.
We investigate this issue using a new source of data on economic inequality: the share of personal income received by the richest 10% of adults in Australia, Canada, France, Germany, Ireland, the Netherlands, New Zealand, Spain, Sweden, Switzerland, the UK, and the US. We have annual data covering an average of 62 years per country. As a result, we can control both year and country fixed effects, thereby holding constant both stable country-to-country differences and annual changes in mortality that affect all countries in the same year. Deaton (2003) and Lynch et al. (2004a) have recently surveyed the literature on economic inequality and mortality. Both reviews conclude that although there are plausible reasons for anticipating a relationship between inequality and mortality, the empirical evidence for such a relationship is weak. We have found only five studies that use time series from developed countries to analyze the inequality-mortality relationship. After examining changes in life expectancy in the UK during the 20th century, both Wilkinson (1989) and Sen (1999) conclude that longevity rose faster when the income gap between the rich and poor narrowed. However, their measures of income inequality are relatively inexact, and they do not try to take account of temporal variation in the effect of technological innovation. Focusing on the last decades of the 20th century in both the US and the UK, Wilkinson (1996) also argues that rising inequality during the 1980s was the main reason why the decline in infant mortality slowed between 1975 and 1985. Deaton and Paxson (2001) , in contrast, find no systematic relationship between inequality and health in either the UK or the US from the mid-1970s to the mid-1990s. Likewise, when Lynch et al. (2004b) look at 100-year national trends and 30-year regional trends in the US, they find little evidence of a causal relationship between income inequality and mortality.
This paper extends previous studies by examining long time series for 12 of the world's richest countries rather than one or two. Our findings are consistent with those of Deaton and Paxson (2001) and Lynch et al. (2004b) , not with those of Wilkinson (1989 Wilkinson ( , 1996 or Sen (1999) . In our preferred specifications we find only small and statistically insignificant relationships between income inequality and mortality. This holds true regardless of whether we measure mortality using life expectancy at birth, infant mortality, homicide, or suicide. It also holds true when we introduce lagged measures of inequality, when we focus exclusively on the period since 1960, when we control both the educational level of the population and health expenditures. Our findings suggest that the relationship between income inequality and mortality is either non-existent or too fragile to show up in a robustly estimated panel specification.
The paper is organized as follows. Section 2 presents a simple model of the relationship between inequality and health. Section 3 describes our data. Section 4 presents our results. Section 5 concludes.
A simple model of the relationship between inequality and health
Epidemiologists and social scientists have proposed numerous mechanisms by which income inequality might affect an individual's health. We can group these mechanisms under three broad headings: absolute income, relative income, and society-wide effects of income inequality. We discuss these mechanisms in turn. 
The absolute income hypothesis
Even if health depends only on individual income, standard economic models predict that the health gains from an extra unit of income should diminish as income rises. Fig. 1 shows a stylized version of such a relationship. A mean-preserving transfer from the richer individual (R) to the poorer individual (P) raises the health of P by more than it lowers the health of R. Holding total income constant, therefore, a more equal distribution of income should improve population health.
When one compares countries, the relationship between average income and average life expectancy follows the pattern shown in Fig. 1 (Preston, 1975; Deaton, 2003) . The relationship is almost flat among countries with incomes more than half the US average. When one compares individuals within the US, the relationship between family income and age-specific mortality again exhibits this pattern (Backlund et al., 1996) . However, neither the comparisons of countries nor the comparisons of individuals take account of all the factors that could affect both income and mortality. Nor do they take account of reverse causation (poor health lowers income). Thus while there are strong theoretical reasons for expecting additional income to have less effect on health as income rises, the empirical evidence supporting this assumption is not conclusive.
The relative income hypothesis
Holding individual income constant, the income of others can affect people's health if they evaluate either their income or their lives as a whole by comparing themselves to others. The relative income hypothesis assumes that, at least in the economic domain, upward comparisons are more salient than downward comparisons and that upward comparisons are more likely to be stressful than soothing. 1 Wilkinson (1997) argues, for example, that if individuals assess their well-being by comparing themselves to others with more income than themselves, increases in economic inequality will engender "[l]ow control, insecurity, and loss of self esteem". When 1 Upward comparisons can be soothing if they lead people whose current economic circumstances are stressful to think that their future circumstances could be better. We are not aware of any persuasive evidence on whether upward economic comparisons are more salient than downward comparisons or on whether they are more often upsetting than soothing. upward economic comparisons are distressing, they are said to produce "relative deprivation". The most frequently suggested physical mechanism linking relative deprivation to mortality is chronic stress, which appears to lower resistance to many forms of disease in a variety of species. 2 One potential objection to this hypothesis is that many studies of relative deprivation suggest that social comparisons are most stressful when they involve people who have a lot in common, such as co-workers, relatives, and neighbors. 3 Income differences within such reference groups are likely to be much smaller than differences between random members of national populations. Nonetheless, when income inequality changes in society as a whole, it is also likely to change in the same direction within reference groups composed of co-workers, relatives, or neighbors. If changes in inequality lead to parallel changes in chronic stress, increased inequality at the national level could increase mortality and decreased inequality could reduce mortality. 4
Society-wide effects of inequality
(a) Violent crime : Fajnzylber et al. (2002) report a robust relationship between economic inequality and violent crime in a sample of rich and poor countries. Violent crime accounts for a tiny fraction of all deaths in the countries we study, but it could have larger second-order effects on mortality if it increases chronic stress among those who worry that they or their kin might become victims in the future. (b) Public spending: if the Meltzer-Richard theorem is correct, greater economic inequality among voters should make the median voter more inclined to support government spending on health (Meltzer and Richard, 1981) . Szreter (1988) shows, for example, that clean water was made available in much of the UK only after the franchise was extended to include the less affluent, for whom public spending on sanitation provided large health benefits at little cost to themselves. 5 However, Alesina et al. (1999) show that the average value of public goods to members of a community will decrease when heterogeneity increases. If income inequality makes voters' preferences more heterogeneous, it could lower government spending on health for that reason as well. In addition, increases in economic inequality may allow the rich buy more political influence, which could lead to reductions in government spending on health. (c) Social capital and trust: comparing American states, Kawachi et al. (1997) find negative cross-sectional relationships both between inequality and social capital and between social capital and mortality. Other studies have also found that people in more unequal places tend to be less trusting (Knack and Keefer, 1997; Alesina and La Ferrara, 2002; Leigh, in press ). Low trust may make voters more skeptical about the claim that public spending will improve health. Low trust may also be linked to thinner friendship networks, which are associated with higher age-specific mortality (Berkman and Syme, 1979) .
Because this paper relies entirely on aggregate data about income inequality and mortality, it cannot distinguish empirically between the absolute income hypothesis, the relative income hypothesis, and hypotheses that involve society-wide effects of inequality. One way to see this is to combine the absolute and relative income hypotheses algebraically. Following Gravelle et al. (2002) , we begin by assuming that absolute individual income, y, is the only factor affecting an individual's mortality risk, m(y). The expression m(y) can be expressed in terms of individual income y and mean incomeȳ through the following second order approximation:
We now introduce the relative income hypothesis. shows that under plausible assumptions an individual's experience of relative economic deprivation depends on the fraction of total income received by individuals' with higher incomes. He also shows that when that is the case the mean level of relative deprivation will be a linear function of the Gini coefficient for household income. Here, however, we follow Gravelle et al. and assume that the mean level of relative deprivation is a linear function of the variance of income, V(y), rather than the Gini coefficient:
Taking expectations of each side:
which simplifies to:
Eq. (4) shows that:
• If both the second derivative of mortality with respect to individual income and ␣ (the effect of income inequality via relative deprivation) are positive, there will be a positive relationship between mortality and inequality, V(y).
• Unless we can estimate m using micro data, separating the contributions of absolute and relative income to the overall relationship between income inequality and mortality will be impossible. 6 Our analysis therefore focuses on reduced-form models that estimate the net effect of a change in income inequality on various measures of mortality. As Gravelle et al. (2002) point out, one recurrent problem when estimating the relationship between economic inequality and health is that we cannot be certain whether any particular measure of inequality captures the full effect of inequality on health. There is no consensus on which dimensions of economic inequality are most likely to affect population health, but most investigators prefer measures such as the Gini coefficient that are sensitive to changes in income shares at both the top and bottom of the distribution. 7 We use the income share of the top decile because it gives us far more observations per country than any previous study. However, this choice is not costless. As we shall see, our measure of inequality is a reasonable proxy for other changes in the top half of the distribution, but it is not a good proxy for changes in the bottom half of the distribution. We return to this issue in Section 3.
One final concern is worth noting. Since adults are less likely to work when they are sick or have to care for sick children, countries with worse overall health may have more unequal family incomes for that reason alone. The causal links between inequality and health can therefore run either from health to inequality or from inequality to health. With a long time series such as ours, we could use Granger causality tests to see whether lagged inequality affected current health or lagged health affected current inequality. But since we find no statistically significant relationship between inequality and health, we do not pursue this approach.
Data on inequality and health
Data quality has been a major problem in studies of the relationship between income inequality and health. As Judge, Mulligan and Benzeval (1998:569) note in their review of the literature:
"Many of the studies use multiple sources of income distribution data and/or data from a wide range of years, which makes comparability between countries questionable. Only five of the studies use data based on a measure of equivalent disposable income. In fact, we believe it is the generally poor quality of the income data that poses the most serious weakness in most of the studies we have reviewed."
Most cross-national studies have used measures of inequality from the Deininger and Squire dataset or the World Income Inequality Database (WIID). Atkinson and Brandolini (2001) have shown that using higher-quality inequality data can substantially alter results based on these two sources. Judge et al. use data from the Luxembourg Income Study (LIS), which provides a more consistent measure of income for all countries and years, namely disposable household income adjusted for household size. They find no significant relationship between inequality and either life expectancy or infant mortality. However, their sample includes only 16 countries, and only 10 of these countries have data for more than 1 year. Even if there were a causal relationship between inequality and health, it would be hard to detect in samples this small, particularly if one tries to control other relevant factors.
In order to get more precise estimates we need more observations over longer periods of time in more countries. Annual estimates of the share of pretax income received by the richest 10% of the population (abbreviated as Share 10) are now available for 12 rich countries, with an average of 62 years per country. Table 1 shows the periods covered in each country. The estimates are derived by comparing the amount of income reported to the tax authorities by the richest 10% of individuals/households to an estimate of total personal income in the same year taken from each country's national accounts (see Leigh, 2006) . 8 Both the numerator and the denominator of 1903 -1920 , 1930 -1935 and 1941 -2003 Switzerland 64 1933 -1996 United Kingdom 52 1919 and 1950 -2000 United States 85 1917 Total 744 1903 -2003 this ratio are, of course, subject to error, especially in the years before 1945, when estimates of national income are not very precise.
Our measure of inequality is particularly sensitive to changes at the top of the distribution. Regressing the share going to the top 10% on the share going to the top 1% in a specification that includes country and year fixed effects, the coefficient of the top 1% share is 1.35 (t = 35.0). However, changes in the share going to the top 10% also predict changes in the 90-50 ratio. Leigh (2006) regresses the income share of the top 10% on LIS measures of inequality, which are largely derived from household surveys and are then processed in a consistent way. When country and year fixed effects are included, the log of the top decile's share of pretax income is strongly related to the log of the 90/50 ratio for size-adjusted post-tax income in LIS (β = 0.843; t = 6.7). The logged share of the top 10% is also fairly strongly related to the log of the LIS Gini coefficient for size-adjusted post-tax income (β = 0.610; t = 5.6). However, the share going to the top 10% is not related to the log of the 50/10 ratio in LIS (β = −0.077; t = −0.4).
We use two standard measures of population health: life expectancy at birth and infant mortality. Life expectancy in a given year measures the weighted probability that individuals of different ages died in that year, with deaths at younger ages getting more weight than deaths at older ages. Infant mortality is the proportion of children under the age of one who died in a given year (excluding still-births). Because infant mortality asymptotes towards zero as population health improves, we use its logarithm as our dependent variable. Infant mortality and life expectancy are highly correlated, partly because infant mortality has a direct effect on life expectancy and partly because they have common causes. Regressing life expectancy on log infant mortality in a specification with country and year fixed effects, the coefficient on log infant mortality is −6.68 (t = −11.5). Without country and year fixed effects, R 2 is 0.89.
All our specifications control real per capita GDP, measured in 1990 International GearyKhamis dollars. A few specifications also control the average educational attainment of the adult population, the log of per capita government spending on health spending, and the log of per capita private spending on health (in constant US dollars). The last three measures are not available until 1960.
Infant mortality, life expectancy, homicide, suicide, and our measure of inequality (Share 10) are interpolated when they are missing for short periods, but they are not extrapolated beyond the earliest or latest available year. Our other control variables are not only interpolated when they are missing for short periods but extrapolated forward when they are missing in the last few years of our time series. Appendix A gives further details on variable construction. Table 2 presents summary statistics.
Figs. 2-4 show trends in inequality and health for each country. Share 10 varies more at the end of the 20th century than earlier, while life expectancy varies less at the end of the 20th century than earlier. The log of infant mortality shows no clear trend. Figs. 5 and 6 show the crosssectional relationship between inequality and mortality in 1996, which is the last year for which all 12 countries had reported these statistics. For life expectancy, the cross-sectional gradient is negative but statistically insignificant. For infant mortality, the gradient is positive but statistically insignificant. 
Empirical strategy and results
Most of the existing literature relies on comparisons across countries at a single point in time or on changes over time within one or two countries. We begin by estimating an equation similar to the one often reported in this literature:
where m is the measure of mortality (life expectancy or infant mortality) for country j in year t, Share 10 the income share of the richest 10% of the population, Z the real GDP per capita, and ε is an error term. Standard errors are clustered at the country level to take account of possible within-country serial correlation. Columns 1 and 2 of Table 3 presents results from this specification, which does not include country or year fixed effects. For both life expectancy and infant mortality, higher inequality is associated with significantly higher mortality. This accords with Waldmann (1992) , who finds a strong positive relationship between infant mortality and the income share of the richest 5% of the population in a cross-sectional regression.
However, there are good reasons to think that we need to take account of country-specific and time-specific factors. We therefore move progressively towards estimating an equation of the following form:
in which δ is a country fixed effect, and ρ is a year fixed effect. Country fixed effects capture stable mortality differences between countries. Column 3 of Table 3 shows that adding country fixed effects barely alters the coefficient of Share 10 in the life expectancy equation. Evidently the unobserved country characteristics that produce stable differences in life expectancy are not strongly correlated with economic inequality. However, Column 4 shows that introducing country fixed effects appreciably reduces the estimated effect of Share 10 on infant mortality. Because adding country fixed effects also reduces the standard errors in the infant mortality equation, the coefficient on Share 10 remains highly significant. Year fixed effects capture the influence of shocks that affect mortality in multiple countries at the same time. Examples might include major influenza epidemics, the spread of HIV/AIDS, the introduction of new vaccines, and the diffusion of antibiotics. 9 Adding year fixed effects makes the relationship between Share 10 and life expectancy both substantively and statistically insignificant (see Column 5). Adding year fixed effects also cuts the apparent effect of Share 10 on infant mortality, although the coefficient is still significant at the 5% level (see Column 6).
Columns 7 and 8 include both country and year fixed effects simultaneously. Both country and year fixed effects remain highly significant, but the coefficient on Share 10 is now small and insignificant for both life expectancy and infant mortality. Indeed, the coefficient on Share 10 in the life expectancy equation changes its sign. The coefficients on Share 10 do not become insignificant because their standard errors increase. (The standard errors in columns 7 and 8 are smaller than those in columns 1 and 2.) Rather, the coefficients on Share 10 become insignificant because they are very close to zero once we add country and year fixed effects. The coefficients without fixed effects are also well outside the 99% confidence intervals for the coefficients with fixed effects (compare columns 1 and 2 to columns 7 and 8). 10 Table 3 shows that even with 744 country-year observations the relationship between income inequality and mortality is not robust to including both country and year fixed effects. This finding suggests that time-series correlations between inequality and mortality in studies of only one or two rich countries may be inflated by unobserved factors that affect both inequality and mortality in many rich countries simultaneously. 11 Table 4 presents several sensitivity tests. Columns 1 and 2 of Table 4 are identical to columns 7 and 8 of Table 3 . Columns 3 and 4 show that when we add GDP 2 to the basic specifications in columns 1 and 2, GDP 2 is significant for both life expectancy and infant mortality. Its sign indicates that the protective effect of additional GDP diminishes as GDP rises, which is consistent with the cross-sectional results in Preston (1975) and Deaton (2003) . However, including GDP 2 does not change our conclusions about the effect of income inequality. The coefficient on Share 10 remains insignificant, and the sign is now reversed for both life expectancy and infant mortality.
One potential objection to the results presented thus far is that the time series may actually be "too long". We know that the proximate causes of mortality changed dramatically over the course of the 20th century, and the effects of economic inequality could have changed as a result. In England and Wales, for example, infectious diseases accounted for 55% of all deaths in 1901, but only 18% in 1961 (McKeown et al., 1975) . This epidemiologic transition, which occurred 9 Technological innovations do not, of course, reach all developed countries in exactly the same year. Deaton and Paxson (2001) argue, for example, that technological innovations tend to affect the UK about 4 years later than the US. However, we cannot allow year fixed effects to vary randomly by country, since they would then explain all of the variation we use to identify the effect of changes in inequality. However, our results are robust to excluding the years 1914-1919 and 1939-1945 , which are the periods in which year effects vary most across countries. 10 In principle, our use of year and country fixed effects is similar to that of Judge et al. (1998) . Their Table 5 analyzes changes in the 10 countries for which they have two estimates of inequality: Australia 1981 -1985 , Belgium 1985 -1988 , Canada 1981 -1987 , Finland 1987 -1990 , France 1979 -1984 , Netherlands 1983 -1987 , Norway 1979 -1986 , Sweden 1981 -1987 , UK 1979 -1986 , and US 1979 -1986 . We have top incomes data for seven of these countries (Australia, Canada, France, Netherlands, Sweden, UK and US). We estimated the correlation between changes in life expectancy and changes in the top 10% share in these seven countries using the same time intervals as Judge et al. The correlation between LE and S10 was 0.227 (95% CI: −0.635 to 0.837), while the correlation between IM and S10 was −0.663 (95% CI: −0.945 to 0.180). 11 For a discussion of the same issue in a different context, see Acemoglu et al. (2005) . Note: Robust standard errors, clustered at the country level, in brackets. * , ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. Dependent variables: LE is average life expectancy at birth, IM is the log of the infant mortality rate (per 1000 live births). Columns 5 and 6 are restricted to those country-years for which education and health spending variables are available.
throughout the developed world, accounted for most of the increase in life expectancy between 1901 and 1961. Once it was complete, increases in life expectancy slowed and became largely dependent on progress in reducing mortality from degenerative conditions like heart disease and cancer. If income inequality affected mortality from infectious and degenerative diseases differently, combining data for these two periods could be misleading. Columns 5 and 6 drop the years prior to 1960, leaving only the 430 country-year observations between 1960 and 2003. Because annual changes in life expectancy are smaller after 1960 than before, the coefficients in Eq. (5) are both smaller and more precisely estimated than those in Eq. (3). Nonetheless, the coefficient of Share 10 is still insignificant and still has the "wrong" sign. Nor does variation in the rate of growth in GDP have a significant effect on life expectancy after 1960 in these rich countries. 12 Because we log the infant mortality rate, its variance does not fall as the absolute rate approaches zero. The coefficient of Share 10 when predicting infant mortality is larger in the post-1960 sample than in the full sample, but the point estimate still suggests that increases in income inequality are more likely to be associated with reductions in infant mortality than with increases, and the confidence interval still includes zero. GDP and GDP 2 are also still significant. In short, we find no clear evidence that the effect of either GDP or income inequality on either life expectancy or infant mortality looks different when we focus on the years since 1960 than when we look at a longer time period.
Columns 7 and 8 include both public and private health expenditures, as well as the mean number of years of schooling completed by the adult population. Adding these potentially endogenous controls does reduce the absolute size of the coefficients on Share 10, especially when predicting life expectancy. But since the confidence intervals of all the relevant coefficients include zero, the most parsimonious explanation is that all these changes are due to random noise.
The models in Tables 3 and 4 treat the relationship between income inequality and mortality as if it were almost instantaneous. Although the literature on inequality and mortality often makes this assumption, it is not entirely plausible. Some of the hypotheses we have discussed do suggest that the lag between a change in inequality and a change in mortality could be quite short. If inequality were positively related to violent deaths, for example, the mortality effect might show up in the same year as the income change, although any second-order effects on levels could take longer to kill people. Likewise, if rising inequality leads to a decline in the absolute income of the poor, mortality might rise in the same year, especially among newborns. 13 But some of the hypotheses we have discussed suggest that the lag between a change in inequality and a change in mortality could be fairly long. If inequality affects health by weakening the social fabric or by intensifying feelings of relative deprivation, for example, these effects could take some years to influence mortality.
To assess the importance of lags we estimate a variant of Eq. (6) that includes inequality lagged by n years:
We estimate Eq. (7) using various combinations of lags, ranging from 1 to 5 years. Table 5 presents regressions using 1-year lagged inequality (columns 1 and 2), 1-year and 2-year lagged inequality Note: Robust standard errors, clustered at the country level, in brackets. * and ** denote statistical significance at the 10% and 5% levels, respectively. None of the sums of lagged coefficients are statistically significant. Dependent variables: LE is average life expectancy at birth, IM is the log of the infant mortality rate (per 1000 live births). Note: Robust standard errors, clustered at the country level, in brackets. * , ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. None of the sums of lagged coefficients are statistically significant. Dependent variables: LE is average life expectancy at birth, IM is the log of the infant mortality rate (per 1000 live births). Note: Robust standard errors, clustered at the country level, in brackets. * and ** denote statistical significance at the 10% and 5% levels, respectively. Dependent variables: HOM is the log of the homicide rate per 100,000 people; SUI is the log of the suicide rate per 100,000 people. For lagged specifications (columns 3-6), all independent variables are lagged over the same interval. (columns 3 and 4) and 1-year through 5-year lagged inequality (columns 5 and 6). Table 6 repeats this exercise including lagged GDP and GDP 2 . In each case we estimate the linear sum of the Share 10 coefficients, which is a summary measure of the overall impact of lagged inequality on current mortality. Using only 1-year lags, we find no statistically significant relationship between inequality and mortality. When we include multiple lagged terms, specific lags are sometimes statistically significant, but their implied effects are offset by the fact that other lags have the opposite sign. Summing 1-year and 2-year lags, or 1-year through 5-year lags, we found no significant relationship between inequality and mortality. Overall, we find no robust relationship between changes in current mortality and changes in economic inequality over the past 5 years. The coefficients of the controls, in contrast, mostly accord with expectations. Increases in GDP are associated with increases in life expectancy Fig. 8 . Log suicide rate (per 100,000 people). and reductions in infant mortality. Both effects diminish as GDP rises. Increases in public and private health spending are associated with lower mortality, but the coefficients are not statistically significant. 14 Some researchers have suggested that even if there is no relationship between inequality and overall mortality, there may be a relationship between inequality and homicide (Deaton, 2003; Lynch et al., 2004a) or suicide (Lynch et al., 2004b) . To test this hypothesis we calculated annual homicide and suicide rates for each country starting in 1950, which is the first year in which such data are available for our full sample. Appendix A provides details on variable construction. Figs. 7 and 8 depict our homicide and suicide series. Table 7 shows the relationship of Share 10 to the homicide and suicide rates per 100,000 people. As with infant mortality, we log the homicide and suicide rates, since they must asymptote towards zero. We tested their relationship to Share 10 using fixed effects specifications, with levels, with 1-year lags, and with 5-year lags. The coefficient of inequality was always negative, suggesting that more inequality was associated with a lower suicide or homicide rate. For homicide, the negative relationship was statistically significant at the 5% or 10% level, depending upon the specification. Overall, the results in Table 7 are inconsistent with the hypothesis that higher top income shares lead to more homicide or suicide.
Conclusion
While there is a strong consensus in the literature that the correlation between income and health is positive, there is much less agreement about the relationship between income inequality and health. This paper has used a new measure of inequality -the income share of the richest 10% of the population -to test the relationship between inequality and mortality. Because we have longer time series for more countries than past studies, we have tried to circumvent some of the problems that plagued these studies by holding constant country and year fixed effects.
We have shown that higher GDP is associated with lower mortality, and that this effect declines as GDP rises. Without country and year fixed effects, we also find that more inequality is associated with higher mortality. But once we include country and year fixed effects the relationship between inequality and health becomes small and statistically insignificant. This finding is consistent with a number of other careful cross-country papers, such as Judge et al. (1998) and Deaton and Paxson (2001) .
The confidence intervals around our estimates are sufficiently tight to make substantively important detrimental effects of inequality on population health unlikely. Consider the coefficients from the levels specifications controlling GDP and GDP 2 , shown in Columns 3 and 4 of Table 4 . For life expectancy, the 95% confidence interval for the effect of a 1% point increase in the income share of the top 10% includes no negative values larger than −0.1 years. This result implies that even a 10-point increase in the income share of the top decile would be unlikely to lower life expectancy by more than 1 year. For infant mortality, the upper bound of the 95% confidence interval is 0.01 (an additional 0.2 deaths per 1000, when evaluated at the mean). Our confidence intervals do not allow us to rule out the possibility that inequality raises life expectancy by a substantively significant amount. But because there is not much evidence for this hypothesis elsewhere in the published literature, and because our confidence intervals include zero, a claim that growing inequality reduces mortality would be hard to defend.
The most important limitation of our findings is that we may not have measured the type of inequality that affects mortality. While changes in the top decile's share of pretax income are a reasonably good proxy for changes in both the 90-50 ratio and the Gini coefficient, changes in the top decile's share are not a good proxy for the 50/10 ratio. If the effects of inequality on mortality derive from the fact that increased inequality slows or reverses the long-term increase in living standards among the poor, our data would not detect this effect.
With the possible exception of the absolute income hypothesis, however, the theories we reviewed about how income inequality might affect mortality were not limited to households near the bottom of the income distribution. Relative deprivation, for example, can affect people anywhere in the income distribution except the very top, as long as long as they compare themselves to others who have even more money. The same is potentially true for the societal effects of violence or the effects of economic inequality on social networks and trust. If changes in inequality within the top half of the distribution do not affect mortality, these theories may need to be reconsidered. Three possibilities deserve consideration:
(1) The absolute income hypothesis, the relative income hypothesis, and the hypotheses linking inequality to society-wide changes that affect mortality are all false. (2) The absolute income hypothesis is true only for those near the bottom of the income distribution in rich countries, and the other hypotheses are either false or have countervailing effects, so that their net impact on population health is negligible. (3) The absolute and relative income hypotheses are both true, but the adverse effects of inequality on mortality that they predict are offset by other societal effects of inequality that reduce mortality. We cannot distinguish between these possibilities with the data analyzed in this paper. the analysis. Germany has a hybrid system, with most taxpayers filing as tax units, and the very rich filing as individuals. New Zealand, Sweden and the United Kingdom all switched from household to individual filing. Where this appears to have caused substantial breaks in continuity, Leigh (2006) adjusts the top incomes series to take account of the changes.
A.3. Sources of life expectancy data
Most of our data on life expectancy at birth is taken from the Human Mortality Database (HMD), found at http://www.mortality.org. There are three exceptions:
• US data are from the National Vital Statistics Reports, Vol. 52, No. 14, February 18, 2004, No. 14, 2001 No. 14, -2003 (available at http://www.cso.ie).
The following should also be noted:
• • Life expectancy is linearly interpolated for missing years (but not extrapolated).
A.4. Sources of infant mortality data
The infant mortality rate is measured as probability that a baby born live does not survive until its first birthday. This figure is typically expressed as a rate per 1000 births, and we follow this convention.
Most infant mortality data is taken from the Human Mortality Database (HMD), found at http://www.mortality.org We use the tables Life Tables by Year of Death (1 × 1), and calculate infant mortality as q(x) × 1000 for x = 0, where q(x) is the probability of death between exact ages x and x + 1. There are three exceptions:
Barro and Lee provide figures every 5 years from 1960 to 2000, and we linearly interpolate for intervening years (and linearly extrapolate after 2000). Data can be downloaded from http://www.cid.harvard.edu/ciddata/ciddata.html.
A.8. Health expenditure
Health expenditure is from OECD Health Data 2004 (updated September 24, 2004 , downloaded from http://www.oecd.org/health/healthdata. We use two variables, public health expenditure per capita, and private health expenditure per capita (created as real total health expenditure per capita minus real public health expenditure per capita). Both are supplied by the OECD database in US$ (converted at purchasing power parity). We then adjust for inflation by converting these amounts into 2003 dollars using the CPI-U-RS.
